As reações do anidrido trifenilfosforanilidenossuccínico frente a aminas, hidrazinas e nucleófilos nitrogenados dipolares foram investigadas, o que levou ao desenvolvimento de um novo método de síntese de sais de fosfônio contendo o fragmento RNHC(C=O)CH 2 CH 2 PPh 3 .
Introduction
Phosphorus ylides have been intensively used in organic synthesis, mainly in olefination reactions 1 . Recently, stabilized triphenylphosphonium ylides have attracted attention and new methods of preparation 2 , their behavior under pyrolysis conditions 3 and structural elucidation 4 still demand investigation. When carrying out a transformation with stabilized triphenylphosphonium ylides their nucleophilicity has been the prime consideration 5 . However, some ylides contain electrophilic stabilizing functions which are reactive toward oxygen and nitrogen nucleophiles 6 .
The ambiphilic triphenylphosphoranylidenesuccinic anhydride (1, TPPSA) is readily prepared by the reaction of maleic anhydride with triphenylphosphine 7 , and its reactions with water (eq. 1, Scheme 1), methanol, and ethanol (eq. 2) were reported as examples of behavior towards oxygen nucleophiles 8 . There is only one example of reaction of TPPSA with a nitrogen nucleophile, diethylamine (eq. 3), wherein the phosphinoxide 4 was reportedly obtained in low yield 8 . In view of the limited data available concerning the reactivity of TPPSA, a study of the chemical behavior of 1 toward a broad spectrum of nitrogen nucleophiles was considered to be appropriate. Herein we report our results on the reactivity of TPPSA with such derivatives, in search of more complex systems.
Results and Discussion
TPPSA may act as an ambident electrophile, as suggested by its reactions at C-2 with alcohols to afford 3 (eq. 2, Scheme 1), while reacting at C-5 with diethylamine to produce 4 (eq. 3) 8 . To provide insight into the reactivity of TPPSA we began our study varying the steric hindrance and the electronic nature of the nitrogen-nucleophiles. When a solution of TPPSA in CH 2 Cl 2 was treated with an equimolar quantity of tert-butylamine, no reaction could be detected even after 8 days, while reaction with methylamine, benzylamine, cyclohexylamine and pyrrolidine afforded a complex mixture after 1 day, with no absorption characteristic of TPPSA being observed in the 1 H NMR spectrum of the crude residue 9 . Using this same reaction condition no transformation was observed using diethylamine (in our hands, using the literature procedure, the phosphinoxide 4 never was obtained). These results suggest a strong steric dependence for the reactions of TPPSA with aliphatic amines, where primary non sterically hindered and secondary cyclic amines are very reactive, while primary sterically crowded and secondary acyclic amines are not.
We next studied the reaction of TPPSA with aromatic amines. TPPSA underwent a smooth reaction with aniline (14 days), p-anisidine (6 days) and p-toluidine (6 days), but the purification of the products proved to be very difficult. Only in the reaction with p-toluidine could a pure solid product be obtained after tedious recrystallization, which allowed evidence for the structural assignment to be obtained from the spectral data. The IR spectrum showed absorptions characteristic of amide NH (3456 cm -1 ) and C=O (1661 cm -1 ) and the phosphonium group (1437 and 1114 cm -1 ) 10 . The NMR spectrum contained a pair of multiplets at δ 3.15 and δ 3.79 (2H each) and integration for 19 aromatic protons, indicating that a 1:1 adduct had formed. The presence of the phosphonium group was confirmed by the 31 P NMR spectrum which showed the characteristic positive signal (δ 25.0) 11 . Finally, the 13 C NMR spectrum showed two CH 2 fragments as doublets ( 1 J P-C = 54.0 Hz and 2 J P-C = 3.4 Hz) and an amide carbonyl (doublet, 3 J P-C = 13.6 Hz). On the basis of the above spectral evidence structure 5 was assigned to this product (Scheme 2) with hydroxide as counter-ion, as indicated by the alkaline pH of a dilute aqueous solution of 5. There is a strong interaction of the organic moiety of 5 with its counter-ion, suggested by the low field amide hydrogen (δ 11.02) in the 1 H NMR spectrum.
Unfortunately, since 5 was not sufficiently stable to successive recrystallization and/or chromatographic purification, an analytical sample could not be obtained. To overcome this problem another procedure was developed whereby Mg(ClO 4 ) 2 was used to precipitate the phosphonium salt (see Experimental). Using this modification the phosphonium salt 6 was obtained with improved yield and elemental analysis in agreement with its structure (as the hydrate). The presence of the counter-ion perchlorate was indicated by the characteristic strong and wide absorption of this anion at 1115 cm -1 in the IR spectrum 12 , and its association with the organic moiety of 6 was suggested by the chemical shift of the amide hydrogen (δ 8.87).
The behavior of TPPSA toward ambident nucleophiles was also investigated. Thus, TPPSA was treated with hydrazine derivatives (N,N-dimethylhydrazine, phenylhydrazine and 2,4-dinitrophenylhydrazine) but only with hydrazine itself did a reaction take place. In this case, a hygroscopic solid of difficult purification was obtained after 24h, and its 1 H NMR and IR spectra showed absorption of a free NH 2 from hydrazine. Reaction of TPPSA with hydrazine hydrate followed by successive treatment with anhydrous MgSO 4 and aromatic aldehydes afforded products 7-9 (Scheme 3). The presence of sulfate as counter-ion in 7-9 was assigned on the basis of a positive qualitative test for this anion (with BaCl 2 ) 13 and the presence of absorption at ~1113 cm -1 in the IR spectra of the solids obtained, characteristic of the sulfate anion 12, 14 . Moreover, elemental analyses of 7-9 (as the hydrate) are in agreement with the proportion of 1:2 sulfate anion to organic moiety. Here again, the low field chemical shift of the amide hydrogen in 7-9 (δ 13.0, D 2 O exchangeable) suggests a strong interaction of the organic moiety with sulfate anion as indicated in Scheme 3. The other spectral features observed for 5 are also present in compounds 7-9. The serendipitous sulfate incorporation into 7-9 proved to be crucial to successful purification, and it should be pointed out that the use of drying agents other than MgSO 4 (Na 2 SO 4 , CaCl 2 , K 2 CO 3 ) did not yield solid compounds. The above results prompted us to study the reactivity of TPPSA with dipolar nitrogen nucleophiles. With nitrones and pyridine N-oxide complex mixtures were observed, but when TPPSA was reacted with pyridinium N-imine 10, generated in situ by reaction of N-aminopyridinium iodide 11 15 with K 2 CO 3 , compound 12 was isolated in reasonable yield (Scheme 4).
Compounds 5-9 and 12 have the same spacing between the phosphorus and nitrogen atoms, thus their aliphatic fragments present similar 1 H, 13 C and 31 P NMR data. The pyridinium ring in 12 could be defined by comparison with analogues described in the literature 16 , and iodine as counter-ion was confirmed by a qualitative test 13 and elemental analysis of 12 (as the hydrate).
The formation of 5-9 and 12 may be visualized as occurring by reaction of the nitrogen nucleophile at the eletrophilic carbon 5 of TPPSA, followed by ring opening and CO 2 elimination forming the nonstabilized ylide intermediate that is trapped by water (Scheme 5).
The results of the present study indicate that TPPSA is very reactive with a broad spectrum of nitrogen nucleophiles, and the formation of 5-9 and 12 demonstrate the potential of this new synthetic method for preparation of phosphonium salts containing the organic fragment RNHC(C=O)CH 2 CH 2 PPh 3 . Recently, the design of new phosphonium salts has attracted attention due to their ability to form inclusion complexes with high molecular recognition 17 . The synthesis of chiral phosponium salts using the method described here and their use in chiral recognition are under investigation in our laboratory.
Experimental
Melting points were determined on a Hoover-Unimelt apparatus and are uncorrected. Infrared spectra were recorded as KBr discs on a Perkin Elmer FT-IR 1600 instrument. NMR spectra were obtained for 1 H at 300 MHz, for 13 C at 75 MHz, and for 31 P at 121.4 MHz using a Varian Gemini 300( 1 H, 13 C) or a Bruker AC300-P ( 1 H, 13 C, 31 P) spectrometer. All spectra were run in CDCl 3 solutions with internal TMS as reference for 1 H and 13 C and external 85% H 3 PO 4 for 31 P. Chemical shifts are reported in δ (ppm) units downfield from reference, and the coupling constants in the 13 triphenylphosphoranylidenesuccinic anhydride is available from Aldrich, but was prepared according to the literature procedure in 76-88% yield. N-aminopyridinium iodide 11 was prepared by Gösls's method 15 .
Reaction of TPPSA with p-toluidine
Method A: A solution of 368.7 mg (1.0 mmol) of TPPSA and 109.1 mg (1.0 mmol) of p-toluidine in 5 cm 3 of CH 2 Cl 2 was allowed to stand at room temperature for 6 days. After this time, the reaction mixture was allowed to cool in the freezer (-25°C) and a solid precipitated. 1 mmol) of p-toluidine in 5 cm 3 of CH 2 Cl 2 was allowed to stand at room temperature for 6 days. After this time, the solvent was removed by rotatory evaporation and the residue was extracted with 10 cm 3 of hot water, the insoluble material was filtered off, and the filtrate allowed to cool to room temperature. An excess of saturated Mg(ClO 4 ) 2 solution was added to the filtrate yielding an insoluble white solid which was filtered and air-dried overnight. The solid was recrystallized from ethanol to give 304.3 mg (61%) of 6. IR: ν max /cm -1 3300, 1648, 1603, 1540, 1512, 1438, 1115 cm -1 (strong and wide). 1 
